














ABSTRAK

Dalam kajian ini. sifat mekanikal poliester dengan menggunakan kaedah hand lay up
dalam hibrid laminal komposit telah dikaj: bagi aplikasi papan keras. Bahan - bahan
asas vang digunakan dalam kajian ini adalah poliester 12k epu. gentian kaca jenis E
dan kawat besi. Penvelidikan ini telah dimulakan dengan mengkaji cin dan sifat vang
diperlukan untuk aplikasi papan keras. Penvelidikan ini juga bertujuan uniuk
menentukan sifat-sifat mekanikal dan fizikal berdasarkan jumlah lapisan dan jenis
susunan gentian kaca bersama kawat besi vang berbeza dalam sistem laminat
kompuosit. Tambahan lagi, nisbah vang paling optimum antara bahan pengikat dan
bahan penguat dalam komposit telah dikaji. Melalui jumlah lapisan dan susunan
dalam komposit laminat vang berbeza akan dibuat menggunakan kacdah fiand fayv
up. Proses pengerasan untuk poliester akan dijalankan pada suhu bilik di bawah
penekanan scjuk. Schanvak sebelas jenis komposit laminat telah dihasilkan dan
dipotong mengikut peometri khusus berdasarkan kepada piawaian ASTM unwk
keperluan setiap ujian mekanikal. Penambahan kawar besi dan gentian kaca dalam
komposit sintetik ini diharapkan dapat memngkatkan nilar dava impak, tankan.
lenturan. sifat kekerasan serta kerahanan terhadap air vang di wji dalam makmal.
Danpada ujian, sampel vang paling optimum diamati dan dipilih. Berdasarkan
analisis dari kedua-dua ujian mekanikal dan fzikal. didapati bahawa hibrid laminat
komposit SN 9 dengan 7 gentian kaca di atas dan 3 lapis di bawah dari kawat besi
diperkuatkan poliester memberikan nilai vang paling tingg: dari kekuatan tarikan
dengan 198.2] MPa. kekuatan lenturan dengan 4.52 MPa. kekuatan impak dengan
208.20 kJ/m" dan sifat kekerasan dengan 872 Selain itw. pertahanan terhadap air
dari hibrid laminat komposit in1 adalah lebih baik. Sifat-sifat untuk sampel ini telzh
dibanding dengan produk scbernarnya iaitu palet plastk untuk mengantikannya
dalam aplikasi papan keras. Sebagai hasilnyva, sifat-sifat vang unggul adalah didapati

dalam sampel ini sekiranva dibanding dengan produk sebenarnya.



ABSTRACT

In this study. the mechanical properies of polyvester resins by hand lav up method in
a hvbrd laminate composite had been investigated for hardboard application. The
raw materials used were unsaturated polvester. glass fiber tvpe E and wire mesh.
T'his research was started by the studv of charactenzation and properties required for
hardboard applications. Then. 1t was aimed to determine the properties of different
layer and arrangement of glass fiber and wire mesh reinforcements in 2 laminate
composite svstem. In addition. the most optimum ratio of matrix and reinforcement
in the composite based on cost and properties was investigated. The different lavers
and arrangements in laminate composite were then fabricated by hand lay up method.
The curing of polyester was done at room temperature under cold press. Eleven
samples of laminate composite had been fabricated and cut into the specific
dimensions accordingly to the ASTM standard for each mechanical testing. The
enhancement of the tensile. flexural. impact. hardness properties as well as water
resistance of the synthetic composites had been investigated by laboratory testing.
From the testing. the most optimum sample were observed and selected. Based on
the analysis of both mechanical and physical testing. it was found that the hybnd
laminate composite of SN 9 with 7 fiberglass at top and 3 layers at bottom of the
wire mesh reinforced polvester resin gave the highest value of tensile strength with
198.21 MPa. flexural strength with 4,52 MPa, impact strength with 208.20 kJ/m” and
hardness with 87.2. Besides that. the water resistance of this hybrid laminate
composite was better. The properties of this sample had been compared to the actual
product that was plastic pallet in order to replace it in hardboard application. As a
result. superior properties were found in the sample as compared 1o the actual

product.
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CHAPTER 1
INTRODUCTION

1.1  Backeground

Hybrid composites are the composites that are produced by more than two of
remforcements of matrix materials. There are several types of hvbrid composites
charactenzed. One of the most common and simplest hybrid composites is interply or
laminated. where altemate lavers of the two or more materials are stacked in a

regular manner.

Plastic laminates composite is normally meant Fiber Remnforced Plastic (FRP) which
is the composite materials made of a polvmer matrix reinforced with fibers, The most
commeon used fiber is fiberglass. carbon. or aramid, while the matrix material is
usually an epoxy. or pelvester which 15 from family of thermosetting plastic. Glass
remforced plastic was the strongest and had the highest resistivity to deformimg
forces when force was applied on it in parallel. However. it became the weakest
when the fibers were perpendicular (Moron, 1974, p. 3). To overcome the limitation
of the fiber reinforced composite, the orientation of the glass fiber fabric were
oriented in two dimensional weaves and above. When forces were applied
perpendicularly 1o one orientation. another orientation in parallel overcame the force
accordingly by Frhard. (2006, p. 199). Hence. this eliminated the potential for weak

spots in the polvmer.

The most commeon used method for reinforced plastics composite products 15 hand
lav-up process. It is due to its low cost and it can consist of any size or configuration.

Moreover. the process does not require any special wols. Parts can be easily



fabricated in a short peried. Besides that, molds can be easilv modified. cut into part
for prefabrication and applied to ¢reate various surface textures. The rigid properties
of the final product require that under cuts and straight wall be eliminated. Anv
openings must be machined in post molding operations. All comers must have

somewhat large radius.

Palyester resin is one of the most common used in hand layv-up method for FRP_ It
acts as the matrix n the composite, It is popular and widely used, especially in the
marine industry to shape and form hulls and outer layers of ships. All polvester resins
ar¢ pale in colors and thermosetiing. Besides. polvester resins are resistant w water

and L'V rays.

Fiberglass is material made from extremely fine fibers of glass. It is normally used as
a reinforcing agent for many polvmer products. Glass fibers are popular due to thei
high ratio of surface area 1o weight which can produce very light products with high
strengths. Besides fiberglass, reinforcing wire mesh can be the reinforcement in the
polymer matrix composite. Wire mesh is used due 1o its unique deformed wire
pattern which offers superior bonding, improved stress diswibution and crack width
control. Weldmesh is a welded steel mesh manufactured from bright drawn wire
electrically welded at the intersections. The most common raw material of the steel
mesh is stamnless steel due to its properties. According to BRC West Indies Limited

(2005, p. 2). weldmesh had average shear strength equal to 80 %6 of the wire sirength.

Normally. hardboard was made out of exploded woed fibers that have been highly
compressed i order to make it denser and much stronger and harder. Hence.
hardboard was sometimes called high density fiberboard. which was stated by Frane
(1994, p. 156). According to the Composite Panel Association, other matenials could
be added during the manufacturing process of hardboard to improve certain
properties. such as resistance to abrasion and moisture, and increased strength and
durabilitv. Hardboard had a uniform thickness, density and appearance and had no
grain. [t resisted marring. scuffing and abrasion. as well as changes in temperature
and hurmdity. Hardboard could be cut. routed. shaped and dnlled with standard

woodworking tools. In addition. hardboard could be securely glued or fastened with

[



screws, staples or nails. Hardboard panels could be laminaied with paper overlays.

plastic laminates and veneers.

1.2 Problem Statements

[n the past. wood fiber was ofien used in hardboard application due to its inexpensive
and fairly ngid product for its thickness. and vet it was flexible enough to bend
where needed. However, it was not consistent in thickness because of the continuous
press it was made 1n as 1t was opposite to the single opening press the wood fiber was
made. Besides that, thiz tvpe of hardboard could not be used owside because it
absorbed water. Due to the limitation of the previous hardboard product, a
thermosetting material. polyester which had good resistance in water and more
strength and high dimensional stability was selected as replacements to vary the

applications ol hardboard.

Hardboard sheet was commonly formed in a hot press with the application of heat
and pressure. However. the board produced harmful gases and vapors during the heat
forming process. Also. this heat method was expensive and results in a long forming
cycle time (Cole er al.. 1982, p. 21 In order to overcome the problems, hand lay-up
method was carried out and the hydraulic cold press was applied to replace hot
formmng hardboard. Hand lav-up method was the chosen because it was simple,
widelv used and low cost. Furthermore. small thickness and hiph strength of
hardboard were preferable. The hvdraulic press was applied w compress it for
improvements of the properties. Modern hydraulic presses were. in some cases. beter
suited 10 applications where the mechanical press had been traditionally more popular
(Lown. 1999, p. 1). However. hvdraulic press might cost less than an eguivalent
mechanical press depending on the application. Hydraulic cold press was simple
process which was done at room temperature to offer good performance and

reliability.,

The quality of the product was very dependent on thickness and physical properties

of the hardboard. Normally. composite was made from one mairix and reinforcement.

Lk



For example. polyester was the matrix while fiberglass acted as the reinforcement.
However, this combination was not strong enough for some hardboard applications.
Stronger and more stable product was alwavs preferred. Thus, wire mesh was added
a3 a supporl in order to compare the strength and stabilitv, In this composite,
polvester was matrix, fiberglass as reinforcement and wire mesh acted as the back

bone of the hardboard.

1.3  Objectives

The ohjectives that wers needead ta achieve include:

fa) To produce laminate composite by hand lay-up method via polyester
resins in order to compare the tensile, flexural. impact, hardness and
waler absorption properties.

b} To determine the failure modes of different laver and arrangement of
reinforcements in a laminate composite.

{c) To investipate on the most opimum ratio of matrix and reinforcement

based on cost and properties in the laminate composite sample.

1.4  Scope of Study

(a1 Smudv of requirements on hardboard applications.

(b1 Studv of fibreglass reinforced polyester laminated hardboard panels.

(c) Studv of properties of polyester resins, fibreglass and reinforcing wire
mesh in a hybrid laminate composite.

(d) Smdy of elastic constants of unidirectional and muludirectional
composite.

(e} Smdy of composition between matrix and reinforcements in composites.





